Measuring rates of self-scratching provides a powerful index of anxiety in non-human primates, and investigating the relationship between self-scratching and dominance rank can shed light on the 'emotional costs' of holding different positions in the hierarchy. Here we explored the relationship between self-scratching rates and rank in wild adult female Barbary macaques (Macaca sylvanus) in Morocco. We found a significant correlation between rank and females' mean self-scratching rates over the study period, with subordinates showing higher rates of self-scratching. Analysis of temporal variation in females' self-scratching rates indicated that while these rates were related to measures of both grooming and aggression, the relationship between rank and self-scratching remained significant even after controlling for these effects. Our data suggest that lower ranked female Barbary macaques suffer higher levels of anxiety than more dominant individuals, and hence that there is an emotional cost associated with having low social status in this species.
INTRODUCTION
Understanding how social status affects emotional state has been a key goal for scientists studying both humans (e.g. Tiedens 2000) and non-human animals (e.g. Pavani et al. 1991) . Accessing the emotional states of non-human animals is, of course, difficult as they lack the language faculty with which to communicate these states (Paul et al. 2005) . However, behavioural measures can provide a proxy index of emotion (Maestripieri et al. 1992a) . Among non-human primates, pharmacological studies provide evidence that measuring rates of self-directed behaviours, particularly self-scratching, can provide an index of one particular emotion: anxiety. Schino et al. (1991) found that when female long-tailed macaques (Macaca fascicularis) were given Lorazepam, a drug that in humans reduces anxiety, rates of self-scratching decreased, particularly among lower ranked females. Working with male long-tailed macaques, Schino et al. (1996) found that combined rates of self-directed behaviours (including self-scratching) decreased when the animals were given Lorazepam, and increased when the anxiety-inducing drug FG 7142 was given; these changes were dose-related i.e. the greater the drug dose, the bigger the change in self-directed behaviour. Similarly, infant rhesus macaques (M. mulatta) treated with the anxiogenic Ä-CCE showed a tendency for increased rates of self-scratching, while those treated with the anxiolytic midazolam showed a tendency for reduced self-scratching rates (Maestripieri et al. 1992b) . Finally, Redmond & Huang (1979) found that electrical and pharmacological stimulation of the locus coeruleus, a brain region involved in anxiety, increased the frequency of self-scratching among stump-tailed macaques (M. arctoides).
Primatologists working on a broad range of species have quantified rates of self-scratching in order to investigate how anxiety levels vary according to individuals' position in the dominance hierarchy; findings have varied markedly across the species investigated. Low-ranked animals self-scratch more than high-ranked ones in wild brown lemurs (Eulemur fulvus: Palagi & Norscia 2010) and captive long-tailed macaques (Pavani et al. 1991) . By contrast, high-ranked captive male olive baboons (Papio cynocephalus anubis) exhibit higher rates of self-scratching than low ranked males (Easley et al. 1987) , and high-ranked captive female mandrills (Mandrillus sphinx) scratch themselves more than low-ranked females (Peignot et al. 2004) . Diezinger & Anderson (1986) found that baseline self-scratching rates did not differ between high-, middle-and low-ranked adult rhesus macaques but that rank-related differences did emerge at certain times; during feeding times, for example, mid-ranked animals showed greater elevations of self-scratching than did low-or highranked animals. Finally, Daniel et al.(2009) found no relationship between rank and self-scratching in captive vervets, Chlorocebus aethiops.
The variation among primate species in the relationship between rank and self-scratching is intriguing, and data on further species are needed to help identify the factors underlying these differences. Moreover, it is unclear from studies of this kind whether associations between self-scratching rate and rank reflect the fact that holding different positions in the hierarchy per se causes different levels of anxiety, or whether this relationship is confounded by rank-related behaviours, in particular aggression and grooming. There is evidence from a range of primate species that aggression elevates self-scratching in both the victim and the aggressor (e.g. Bonnet macaques, M. radiata: Cooper et al. 2007 ; Japanese macaques, M. fuscata: Schino et al. 2007) . Similarly, both the giving (crested macaques, M. nigra: Aureli & Yates 2009 ) and the receiving (long-tailed macaques: Schino et al. 1988) of grooming have been linked to a reduction in rates of self-scratching. Exploring the relationship between rank and self-scratching, while controlling for the potentially confounding effect of variation in rates of aggression and grooming, will provide further insight into the 'emotional costs' of holding different social positions.
In this study, we investigate the relationship between dominance rank and self-scratching among wild adult female Barbary macaques (Macaca sylvanus). We quantify the linearity and steepness of the female dominance hierarchy, the first time these parameters have been quantified in the wild for this species. Next, we investigate the association between dominance rank and females' mean self-scratching rates over the study period. Finally, we use a generalized linear mixed model (GLMM) approach to analyse temporal variation in self-scratching rates, in order to investigate whether rank and rates of self-scratching are related after controlling for rates of aggression and grooming.
METHODS

Study site and group
Fieldwork was carried out by S.S.K.K. between February and May 2009 in the Middle Atlas Mountains of Morocco. The study site (33°24'N 005°12'W) is situated close to the city of Azrou, at 1700-2000 m above sea level. The study group (Green group) consisted of 23 individuals: 11 males (eight adults and three subadults), seven females (six adults and one subadult), two juvenile males and three infants. This research focused on all the females of the group -4 years old; five of these seven females gave birth during the observation period. Preliminary analyses found that reproductive state did not affect self-scratching rates (Kaburu 2009 ) so this variable was not included in analyses.
Behavioural data
The group was monitored for approximately nine hours per day (from 08:00 to 17:00), five days per week. This gave us a total of 153 observation hours (range: 19 h 52 m -23 h 44 m per female). Data were collected during 30-min focal watches (Altmann 1974) . All occurrences of self-scratching by the focal animal were recorded, as were the occurrence and direction of all events of aggression (slap, grab, bite, jump on and chase, lunge, charge, ground slap, stare and open-mouth threat) involving the focal, along with the identity of the other animal involved. When a self-scratching session was interrupted for longer than 5 sec, the subsequent self-scratching event was considered as a new bout. During grooming bouts involving the focal animal, the duration of the grooming bout, the identity of the partner and the direction of grooming were recorded. In cases when the focal animal was lost or there was disturbance (e.g. from tourists or local shepherds), we discarded data from sessions lasting less than 20 min. The order of focal animals was randomized prior to data collection. We also collected ad libitum data on dyadic aggressive encounters involving adult females; these data were combined with data from focal watches to construct the dominance hierarchy but were not used to calculate aggression rates.
Analysis
The linearity of the hierarchy was assessed using MatMan (de Vries et al. 1993 Mean rates of self-scratching over the entire study period were calculated for each female, and Spearman's rank correlation test used to determine if these rates were correlated with dominance rank. Next, we used Generalized Linear Mixed Models (GLMM) in MLWin to assess whether temporal variation in self-scratching rates was predicted by rank, focal females' rates of grooming given and received to/from both sexes and rates of aggression given to other adult females and received from adults of both sexes (females were never observed directing aggression towards adult males). As individuals were sampled repeatedly, we used a repeated measures model, with days (level 1, n = 40) nested within individual (level 2, n = 7), as random effects. All statistical tests were two-tailed, with~= 0.05.
RESULTS & DISCUSSION
Females showed a perfectly linear dominance hierarchy with no reversals (h l = 1, Kr = 1, DC = 1, P = 0.0028; Table 1), which is consistent with what has been reported in other wild communities of Barbary macaques (Deag 1977; Taub 1980 ). The female hierarchy showed a steepness of 0.96 (P < 0.001). Data on steepness of hierarchies in this and other macaque species are typically available only for captive or provisioned populations (Schino & Aureli 2008) , and show high inter-and intraspecies variation in steepness (Macaca arctoides: 0.89-1.00; M. fascicularis: 0.67-0.84; M. fuscata: 0.07-0.99; M. radiata: 0.95; M. sylvanus: 0.91, Schino & Aureli 2008) . While further data on wild, unprovisioned groups are needed in order to provide the most appropriate comparative context in which to interpret our findings for Barbary macaques, it is notable that the steepness value found in the current study (0.96) is close to the maximum possible value of 1.0.
Females' mean self-scratching rates over the study period ranged from 2.78/h to 8.71/h, with an overall mean rate across females of 6.09/h. A positive and significant correlation was found between rank and mean rates of self-scratching (Spearman's rank correlation, n = 7, rs = 0.829, P = 0.021; Fig. 1) , with lower-ranking females scratching at higher rates. The GLMM analysis revealed that self-scratching rates were positively related to rates of aggression given to adult females, aggression received from adult males and grooming given to adult males, and were negatively related to rates of grooming received from adult males; however, the positive relationship between rank and self-scratching remained significant after controlling for these effects (Table 2) .
Overall, these findings suggest that lower ranked adult female Barbary macaques suffer higher levels of anxiety than higher ranked individuals, highlighting a potentially important cost of subordinate status in this species.
Our results add to a growing dataset linking average rates of self-scratching to dominance rank. To our knowledge, however, this is only the second published study to explore this relationship in the wild (see also Palagi & Norscia 2010) , and is the first to do so while controlling for variation in rates of key behaviours that may affect anxiety levels: aggression and grooming. Data such as these from natural settings are particularly valuable as they allow exploration of the link between social status and self-scratching within the environment in which the animals evolved. The captive environment is likely to have a large effect on animals' anxiety levels, and indeed comparison of our study animals' mean self-scratching rates with those seen in a captive study of the same species support this idea. In a study of Barbary macaques at Apenheul Zoo, Aureli (1997) found mean rates of self-scratching of 17.1/h, which is almost thee times higher than the mean of females' levels in this study (6.09/h). Data on self-scratching rates and rank collected in the wild from a broader range of species will ultimately facilitate comparative analyses investigating the factors underpinning interspecific variation in how these parameters may be related. Ideally, such studies would also collect data on other parameters -unrelated to anxiety -that may affect self-scratching rates, such as ectoparasite load and weather conditions (Ventura et al. 2005) . The evidence found here that the giving and receiving of aggression increase rates of selfscratching, while the receipt of grooming lowers these rates, is in line with findings of previous studies (aggression : Cooper et al. 2007; Schino et al. 2007; grooming: Schino et al. 1988) . However, such effects in the current study were related to the sex of the social partner; for example, receiving grooming from males was associated with lower self-scratching rates, but receiving grooming from females was not. This suggests that future studies should consider not just the way in which positive and negative social behaviours affect anxiety levels, but also how the sex of the other animal involved in the interaction may mediate this effect. Surprisingly we found that self-scratching rates were positively related to the amount of grooming females gave to adult males. This result is hard to interpret, but may reflect the fact that approaching larger, more powerful adult males (as is required for grooming them) causes females anxiety. Our finding that self-scratching rates of lower ranked females were still higher after controlling for the potentially confounding effects of aggression and grooming suggests that there is something about holding a low position in the hierarchy, other than increased involvement in aggression or reduced participation in grooming, that causes anxiety. One possibility is that for lower ranked females there are more animals in the group that outrank them, and the mere proximity of these higher ranked animals is anxiogenic. The effects of conspecific proximity on increasing self-scratching rates are well documented (e.g. Castles et al. 1999; Kutsukake 2003) . Further studies of the interactions between rank, self-scratching, behaviour and spatial association will shed light on the factors underlying variation in anxiety levels among individuals in primate social groups.
